Sudden Death in Hospital after Discharge from Coronary Care Unit PETER THOMPSON, GRAEME SLOMAN British Medical Jrournal, 1971, 4, 136-139 Summary In a group of 339 patients with acute myocardial infarction treated in a coronary care unit, 273 left the unit while improving and were expected to leave hospital alive; 23 had a cardiac arrest or died suddenly while still in hospital-17 died immediately or after temporary resuscitation and six were resuscitated to leave hospital alive. Ventricular fibrillation was found in 13 of the 20 patients attended by the cardiac arrest team. The incidents were scattered from the 4th to the 24th day after the onset of infarction. Risk factors in these "late sudden death" patients were compared with the 250 patients who left the unit while improving and did not die or suffer cardiac arrest. The patients susceptible to late sudden death were characterized early in their hospital course by the findings of severe, predominantly anterior infarction, left ventricular failure, persistent sinus tachycardia, and frequent ventricular arrhythmias. It is suggested that such patients be chosen for prolonged observation in a second-stage coronary care unit.
Introduction
Coronary care units have significantly reduced the hospital mortality of acute myocardial infarction by the aggressive treatment of premonitory arrhythmias in the early stages of the illness (Julian and Oliver, 1968) . Sudden death from early ventricular fibrillation is now rare in a coronary care unit (Lown et al., 1969) . However, for administrative reasons, the length of each patient's stay in the unit must be limited, varying from 48 hours to a week in most units (Rockwell, 1969) , and sudden death continues to be a problem throughout the length of the hospital stay (Robinson, 1965; Restiaux et al., 1967; Pentecost and Mayne, 1968; Spracklen et al., 1968) . It is possible that some of these deaths are due to sudden but preventable arrhythmias, and early identification of a high-risk group may permit their selection for extension of coronary care. The present investigation was undertaken to study the circumstances of late sudden death, or cardiac arrest, in these patients and to identify the factors which distinguish them in the early stages of their hospital course.
Patients and Methods
Between 1 March 1968 and 1 March 1970 a register was kept of every patient admitted to the coronary care unit at the Royal Melbourne Hospital (Sloman and Brown, 1970) . Data collected prospectively by the medical and nursing staff of the unit were checked at the time of recording by the unit medical registrar and reviewed at regular intervals by the unit director.
History and physical examination on admission were elicited by the unit medical registrar or by relieving medical staff. Physical signs were recorded as "present" or "absent;" "gallop rhythm" was recorded if a third or fourth heart sound was heard. Chest x-ray findings were reported by a radiologist and reviewed by the medical staff of the unit. Arrhythmias noted in the casualty department or during transfer to the unit were recorded by the admitting medical officer; arrhythmias noted during continuous electrocardiographic (E.C.G.) monitoring in the unit were recorded by nursing staff trained in their recognition; illustrative strips for review by the medical staff were taken hourly or when there was any sudden change in cardiac rhythm.
The sources of data and method of collection were similar for all patients; all information was collected prospectively on a specially designed form and later transferred to punch cards. Analysis was performed by an I.B.M. 360 computer using a modified survey-analysis programme (Thompson et al., 1971) . Certain clinical (age, site of infarct, blood pressure) and radiological (lung fields, heart size) criteria of severity were selected from the computer printouts for the calculation of a prognostic index by the method of Norris et al. (1969) .
If a patient died or had a cardiac arrest while in hospital after discharge from the unit the location and circumstances of death were ascertained by review of the medical and nursing notes and by interview of witnesses when possible. If the cardiac arrest team attended, their report and the electrocardiographic tracings taken at the time of attempted resuscitation were reviewed. The "cardiac arrest rhythm" was taken as the first rhythm observed by the team on its arrival. The timing of the incident was recorded as the number of days after the patients' admission to the unit. PATIENT 
GROUPS
On the basis of the clinical and laboratory findings each patient admitted to the unit was allotted to one of the following diagnostic groups (W.H.O., 1968; Sloman and Brown, 1970) : (1) definite acute myocardial infraction, (2) probable acute myocardial infarction, (3) possible acute myocardial infarction, (4) atypical case, (5) no myocardial infarction, another diagnosis made, and (6) insufficient data. There were 339 patients with definite acute myocardial infarction. Fifty-four of them died in the unit.
The clinical course of the 29 patients who died in the hospital after discharge from the unit was reviewed without reference to the information in the computer sheets. Two observers independently adjudged patients either "critically ill, not expected to survive" or "improving, expected to survive" at the time of discharge from the unit. This was, in most cases, an easy judgement; if there was disagreement the patient was classified critically ill, not expected to survive, so that in patients who were improving, expected to survive, death was unexpected on clinical grounds. The 12 patients who were adjudged critically ill, not expected to survive had the following conditions: cardiogenic shock and congestive heart failure (2), cardiogenic shock (3), persistent worsening congestive heart failure (3), stroke (1), post-resuscitation cerebral damage (1), post-infarction ventricular septal defect (1), and prosthetic valve with ball variance and coronary embolus (1).
Of 
COMPARISON OF THE TWO GROUPS
Age.-The post-unit control group was similar in age (mean 55-1 ± 9-9 years) to the late sudden death group.
Physical Findings on Admission.-Hypotension on admission was not significantly correlated with late sudden death or cardiac arrest, nor was there any significant difference in the means of the systolic blood pressures in the two groups (130 + 22-7 mm Hg in the late sudden death group and 130 i 32-9 mm Hg in the post-unit control group (Table 1I ). The observation of sinus tachycardia on admission had no predictive value; this is in contrast to its value when it persisted for the first few days, indicating severe infarction (see below). The presence of basal crepitations was the only physical finding on admission which was significantly more frequent (P <0 02) in the late sudden death group. An enlarged heart and gallop rhythm were also noted more often in the late sudden death group, but the differences were not statistically significant. Chest X-ray Findings on Admission.-An enlarged heart and pulmonary vascular congestion were more frequent, but not significantly so, in the late sudden death group.
Extent and Location of Infarction on E.C.G.-Of the total unit population with definite infarction 42% had anterior and 33% had inferior infarction. However, in the late sudden death group there was a far greater preponderance of anterior infarction (690o) than inferior infarction (13%), and the incidence of anterior infarction was significantly greater (P <0 02) than in the post-unit control group (Table III) . The extent of infarction on the E.C.G. was not compared in the two groups, but on review of the tracings from the late sudden death group Analysis of information collected prospectively suggests that many patients showed risk factors for this complication early in their hospital course. The features which were most frequent in patients with subsequent sudden death or cardiac arrest were (1) anterior infarction, (2) severe infarction, and (3) early ventricular arrhythmias.
Though the early mortality in anterior infarction (170%) was somewhat greater than in inferior infarction (12 %), the site of infarction was a more important factor in the subsequent hospital course: late unexpected death or cardiac arrest occurred in 14 % of the patients with anterior infarction and in only 3 % of those with inferior infarction.
Though the deaths were, by definition, "unexpected," most patients, on review, were found to have suffered severe infarctions. However, the deaths which were least expected occurred in those patients whose severe infarction was manifest by subtle signs of severity, such as persistent sinus tachycardia.
The (Lawrie, 1969; Stannard and Sloman, 1969) ; patients in these studies were selected by virtue of having survived their hospital course, excluding many patients with more severe infarction who died in hospital before discharge. The association of early and late arrhythmias was also noted by Spracklen et al. (1968) , who recorded that in their group of 11 patients with late ventricular dysrhythmias, seven had had significant arrhythmias in the unit. A study of patients who left hospital alive after myocardial infarction recorded that arrhythmias in hospital were more closely related to late sudden death than to death after chest pain (Denborough et al., 1968 catecholamines associated with a severe infarction (Valori et al., 1967; Wallace and Klein, 1968) may have predisposed these patients to serious arrhythmias. A typical "late sudden death" patient reported by Jewitt et al. (1969) had ventricular fibrillation on the 12th day after severe infarction and excessively high urine levels of noradrenaline and adrenaline up to the 1 1th day. (Hubner et al., 1969; Rawles and Crockett, 1969) . The solution must lie in extension of the present coronary care unit concept to allow the higherrisk patient to begin his psychological readjustment and rehabilitation in an area where he is close to the unit staff and is kept under close, but less obtrusive, general and electrocardiographic observation. How long this second-stage coronary care should continue poses an administrative problem. We recorded late sudden death in the third and fourth weeks of hospital stay, and it is possible that some patients will have to be monitored for several weeks. Such second-stage coronary care units should help further reduce the hospital mortality from acute myocardial infarction.
During the preparation of this paper, preliminary successful results from such a unit were reported (Grace and Yarvote, 1971) . Information from these units will be relevant to the general problem of identifying which patients with coronary artery disease are susceptible to sudden death. Data accumulation on this question is limited by a relatively low frequency of the catastrophe outside hospital and ignorance of the precipitating arrhythmia thought to be responsible in most cases (Kuller, 1969) . By careful monitoring of a group of patients known to be at high risk from sudden death, the relative importance of various risk factors can be evaluated.
